Abstract-Cytological studies have been carried out on 12 species of Brassicaceae Burn. on population basis from different geographical areas of Kashmir and Himachal Pradesh in the Western Himalayas. Variable chromosome reports for Barbaraea intermedia (n = 16), Cardamine loxostemonoides (n = 8), Nasturtium offi cinale (n = 8), Sisymbrium orientale (n = 14) on world wide basis have been added to the previous reports of these species. The chromosome numbers in seven species as Barbaraea intermedia (n = 8), B. vulgaris (n = 8), Capsella bursa pastoris (n = 8), Descuriania Sophia (n = 10), Rorippa islandica (n = 8), Sisymbrium strictum (n = 7) and Thlaspi alpestre (n = 7) have been worked out for the first time from India. The meiotic course in the populations of seven species such as Barbaraea intermedia, Capsella bursa pastoris, Coronopus didymus, Descuriania sophia, Nasturtium officinale, Sisymbrium orientale and S. strictum varies from normal to abnor mal while all the populations of two species Barbaraea vulgaris and Sisymbrium irio show abnormal meiotic course. Meiotic abnormalities are in the form of cytomixis, chromosomal stickiness, unoriented bivalents, inter bivalent connections, formation of laggards and bridges, all resulting into abnormal microsporogenesis. Heterogenous sized fertile pollen grains and reduced reproductive potentialities have invariably been observed in all the meiotically abnormal populations. However, the meiotic course in all the populations of Cardamine loxostemonoides, Rorippa islandica and Thalspi alpestre is found to be normal with high pollen fertility.
INTRODUCTION
The family Brassicaceae includes 332 genera and 3.709 species [1] widely distributed throughout the world but abundant in north temperate zone with Mediterranean as major centre. In Indian subconti nent, 61 genera and 168 species [2] are taxonomically known which are mostly found in temperate and alpine Himalayas. Starting with the first comprehen sive cytological studies [3] [4] [5] , at present more than 9.000 chromosomal counts are known for 232 (68.6%) genera and 1.558 (42.0%) species of the family all over the world [1] . The chromosome numbers in the family vary from n = 4 in Stenoptalum nutans from Australia to n = 128 in Cardamine concatenate and C. diphylla from eastern North America [1] . From the Indian sub continent, the chromosomal counts are known for nearly half the number of species of the family i.e. 90 species belonging to 41 genera. It is noted that cyto logical evaluation of Brassicaceae has got poor atten tion from Western Himalayas, in general, and for the present studied areas in particular. As the family is well documented with natural allopolyploidy, dysploid aneuploid series and mixoploidy coupled with eco nomic importance, making it very good collection of plant material to be studied further from cytological perspective. To make additions to the chromosomal 1 The article is published in the original. database and to study the genetic diversity at intra and interspecific levels, concerning lesser known angiospermic families, from newer here as areas the present meiotic studies on the aforesaid taxa of Brassi caceae have been carried out.
MATERIALS AND METHODS
For meiotic studies, flower buds were collected from different localities of selected areas of Western Himalayas (Table 1) . Smears of appropriate sized flower buds were made after fixing in Carnoy's fixative, using standard acetocarmine technique. Pollen fertil ity was estimated by mounting mature pollen grains in glycero acetocarmine (1 : 1) mixture or 1% aniline blue. Well filled pollen grains with stained nuclei were taken as apparently fertile, while shrivelled and unstained pollen grains were counted as sterile. Phot omicrographs of pollen mother cells and pollen grains were made from freshly prepared slides using Nikon 80i eclipse Digital Imaging System. Voucher speci mens are deposited in the Herba rium, Department of Botany, Punjabi University, Patiala (PUN). the family Brassicaceae from different localities with altitudinal range of 800-3000 m from two districts of Himachal Pradesh and 2000-2600 m from six districts of Kashmir. The data regarding locality with altitude, accession number, present chromosome numbers with figure numbers, ploidy level, nature of meiotic course and pollen fertility of the presently worked out popu lations has been presented in Table 1 .
Two populations of Barbaraea intermedia, one each from Kashmir and Himachal Pradesh shows intraspe cific variability in the form of 2x (n = 8) and 4x (n = 16) cytotypes, respectively. Single population of B. vulgaris collected from Himachal Pradesh and two populations of Cardamine loxostemonoides collected from Kashmir represent 2x cytotypes, all exhibiting n = 8. Capsella bursa pastoris is another species depicting intraspecific variability as one population from Himachal Pradesh shows 2x cytotype (n = 8) whereas two populations from Kashmir and two pop ulations from Himachal Pradesh show 4x cytotype (n = 16) pointing wide spread occurrence of tetrap loids of this species in the Western Himalayas.
Both the populations of Coronopus didymus, stud ied from Himachal Pradesh have the tetraploid cyto types (n = 16). Two populations of Descuriainia sophia have been collected from Kashmir exhibiting meiotic chromosome number n = 10 and diploid status based on x = 10. In case of Nasturtium officinale, one popu lation from Kashmir and two populations from differ ent parts of Himachal Pradesh, all depict 2x cytotypes with n = 8. Likewise Rorippa islandica based on single population studied from Kashmir is also 2x (n = 8). For Sisymbrium irio one population form district Kan gra of Himachal Pradesh is reported to be 2x (n = 7) whereas two other populations, one from Kashmir and other from district Sirmaur of Himachal Pradesh on the contrary are noted to be 4x (n = 14). S. orientale makes interesting case where three populations stud ied from Himachal Pradesh represent only 2x (n = 8), but a single population studied from Kashmir is found to be 4x based on x = 7. In case of S. strictum, one pop ulation from Kashmir and two from Himachal Pradesh as well as for Thalspi alpestre, a single popula tion from Himachal Pradesh, all unequivocally repre sent 2x cytotypes strictly with n = 7.
The meiotic abnormalities have been recorded in some populations of Barbaraea intermedia, Capsella bursa pastoris, Coronopus didymus, Descuriania sophia, Nasturtium officinale, Sisymbrium orientale and S. strictum and in all the populations of Barbaraea vul garis and Sisymbrium irio. In such populations, the meiotic abnormalities in the form of cytomixis, chro matin stickiness, unoriented bivalents, inter bivalent connections, bridges, laggards or multipolar spindle have been observed at different stages of meiosis (Table 2 ; Figs. 2g-2k ). Regarding cytomixis, the chromatin transfer from early prophase to pollen grain formation has been observed in most of these populations, with the highest percentage recorded in one population of Capsella bursa pastoris involving 2-6 PMCs (Table 2) . Cytomixis in these species results into the production of hypo and hyperploid PMCs and even empty PMCs (Fig. 2b) . Chromatin stickiness involving few bivalents or whole complement is seen from prophase I to metaphase I (Fig. 2c) . The unoriented bivalents at metaphase I (Fig. 2d) have also been observed with highest frequency noted in one population of Capsella bursa pastoris (Table 2 ). Interbivalent connections have been observed at M I in one of the populations of Capsella bursa pastoris from Chotta Bhangal (Fig. 2e) . These meiotically abnormal populations quite fre quently show the presence of chromosomal laggards and bridges at anaphases and telophases (Figs. 2f-2k) . Instead of regular spindle formation, abnormal split spindles and three poles per PMC at T I and even six poles at T II (Fig. 2l) have been seen in significant number of PMCs in Capsella bursa pastoris, Descuri ania sophia, Nasturtium officinale and Sisymbrium ori entale. This results into abnormal micro sporogenesis leading to the formation of monads, diads, triads or poly ads, along with micronuclei ( Figs. 2m-2p ; Table 3 ) and leads to the formation of heterogeneous sized fertile pol len grains with reduced pollen fertility (Figs. 2q, 2r) . The pollen fertility in the populations with normal meiosis has been recorded to be nearly cent per cent.
DISCUSSION
As evident from the great amount of variation reported in chromosome numbers of Brassicaceae in literature on world wide basis, it is clear that family Brassicaceae represents range of genera depicting mono , di and polybasic nature. Some authors have suggested the base numbers to be considered from x = 4-13, considering even some higher numbers as 32, 42, etc. to be taken as base numbers, the later most probably represent single and isolated gametic number report for any species of the genus [1] . On the other hand some authors have reported only x = 5-8 as pri mary base numbers [6] . Both the statements reveal unanimously that x = 8 is the most popular base num ber. Analysis of overall chromosome number data proves that x = 8 is represented nearly by 20% of taxa in the family followed by x = 7 being present in 19.13% taxa [1] . Another frequent base number x = 10 is found in 10.24% taxa and seems to be secondarily derived base number. The same holds true for Indian represen tatives in general and presently investigated taxa from Western Himalayas in particular.
The meiotic chromosome numbers for Barbaraea intermedia (n = 8), B. vulgaris (n = 8), Descuriania sophia (n = 10), Rorippa islandica (n = 8), Sisymbrium strictum (n = 7) and Thlaspi alpestre (n = 7) have been worked out for first time from India confirming the same chromosome number for these species from out side India. But at the same time other interaspecific cytotypes are also known in literature on world wide basis for some of these species to be taken into account such as Barbaraea vulgaris 2n = 14 [7] , Descuriania sophia 2n = 14, 28, 56 [5, 8, 9] , Rorippa islandica 2n = 32 [10] . Out of the four species where new and varied cytotypes have been reported for the first time, Bar baraea intermedia (n = 16) and Sisymbrium orientale (n = 14) make an addition of tetraploid cytotypes on world wide basis. In case of Cardamine loxostiemon oides present diploid report (n = 8) against tetraploid cytotype 2n = 32 [11] and for Nasturtium officinale also present diploid report (n = 8) against another diploid cytotype with 2n = 14 [12] , tetraploid (2n = 32) and octaploid (2n = 64) cytotypes [5] are recorded on world wide basis. The diploid cytotype (n = 8) in Capsella bursapastoris is reported for the first time from India and confirms the previous reports of 2n = 32 [13] [14] [15] from outside India. Sisymbrium irio is another species with presently worked out diploid and [16] but in spite of wide screening at present only diploid and tetraploid cyto types could be found. In Coronopus didymus present tetraploid chromosome number count of n = 16 is in line with the earlier report of 2n = 32 from India [17] and from outside India [4, 5, 18] . From this entire account one thing emerges out that there exists a lot of variation of chromosome numbers in the species of the family Brassicaceae. Allopolyploidy coupled with hybridization resulting from different base number seems be major evolutionary factor for generating higher chromosome numbered taxa as postulated ear lier [19] . The phenomenon of mixoploidy has also been described for certain members of Brassicaceae [20] , and explained that mostly gamete formation in such plants is not affected and show behaviour of nor mal diploids, but sometimes as an aberration some of the aneuploid and polyploidy cells may enter the ger mline to give rise to dysploid and polyploidy plants especially in apomicts and spontaneous hybrids.
The meiotic abnormalities are considered to be resulting from genetic [21] [22] [23] and environmental factors [24] as well as genomic environmental interac tion [25] . Chromatin transfer, production of hypo and hyperploid PMCs and meiotic irregularities in anaphase segregation of chromosomes may be the pos sible mechanisms for the formation of large sized pol len grains and low pollen fertility as has been earlier reported in several angiospermic plants [26] [27] [28] [29] . All these factors seem to be equally applicable in the pres ently investigated populations with meiotic irregulari ties in the form of cytomixis, chromosomal stickiness, unoriented bivalents, interbivalent connections, lag gards and bridges. The occurrence of sufficient varia tion of chromosome numbers as well as change of mei otic behavior at intra and interspecific level of these 12 species calls for further need of the extensive cyto logical exploration at population basis of members of Brassicaceae from different phytogeographical areas of India to complete the data bases for Indian Brassi caceae.
